Since sesame genotypes differ significantly in many morphological and phenological traits, some of these traits could be suitable for direct selection among the sesame genotypes for Fusarium wilt and charcoal rot disease resistance. Forty-eight sesame genotypes that originated from different geographical regions were screened for their response to infection by Fusarium oxysporum f. sp. sesami (FOS) and Macrophomina phaseolina (MPH), the Fusarium wilt and charcoal rot pathogens in 2005 and 2006 seasons, respectively. The seed yield and infection percentage by Fusarium wilt and charcoal rot pathogens were determined. Branch number and days to maturity as morphological traits and seed colour as phenological trait which represented the proposal for diversity among sesame genotypes were correlated with infection percentage and were used to examine the performance of these traits as screening criteria for Fusarium wilt and charcoal rot disease resistance. Our results showed that 57, 67 and 67% in 2005 and 77, 77 and 62% in 2006 of resistant genotypes for FOS, and 68, 77 and 64% in 2005 and 80, 76 and 60% in 2006 of resistant genotypes for MPH had a medium branch number, and
INTRODUCTION
Sesame is an important oil crop in tropical and subtropical areas. The productivity in Egypt, however, remained virtually stagnant over recent decades because of its susceptibility to diseases such as wilt and charcoal rot caused by Fusarium oxysporum f. sp. sesami (FOS) and Macrophomina phaseolina (MPH), respectively. The FOS, is a soilborne, root pathogen colonizing xylem vessels and blocking them completely to effect wilting (Bateman et al. 1996) . MPH infected at all growth stages plants, show a poor seedling establishment, and reduced vigor and productivity of older plants ( Abawi and Corrales 1989) . Most importantly, these pathogens may cause heavy yield losses in sesame ranging from 50 to 100%, if management is not taken to control these pathogens (Gaber et al. 1998; Khaleifa 2003; El-Bramawy 2006; El-Shakhess and Khalifa 2007) . Different management methods such as management of irrigation and fertilization regimes, and application of systemic fungicides have been recommended to reduce disease affects. They are very expensive, and non-friendly to environment, and usually only cause a temporary effect to overcome these pathogens (Stevenson 1983; Holley et al. 1985) . In contrast, a complementary and a more permanent approach to minimizing the deleterious effects of these pathogens is to increase their resistance in current genotypes. The use of resistant genotypes is the most desirable control method because it provides a practical, long-term, and environmentally benign means of limiting the damage from these diseases (Wang et al. 2001 ). However, insufficient genetic knowledge of the resistance traits, lack of effective selection criteria and evaluation methods have all restricted progress to improve resistance in current sesame genotypes (El-Bramawy and Abdul Wahid 2006; Kavak and Boydak 2006) .
In fact, there is a wide diversity in phenological and morphological traits, namely: number of branches and capsules, length of capsules and fruiting zone, date of maturity, and colour of seed and they all have been demonstrated among sesame genotypes (Li et al. 1991) . The question that arises here is whether these criteria are reliable for screening sesame genotypes for wilt and charcoal rot pathogens?
Numerous studies have shown a relationship between some phenological and morphological traits and resistance to diseases. For instance, Dubin et al. (1998) and Mahto (2001) found that the resistance wheat genotypes to Helminthosporium leaf blight was associated with shorter plant height and late maturity. Most important, several reports have indicated that seed colour plays an important role in the resistance of plants to diseases. Statler (1970) reported that more total phenols in common bean plants cause greater resistance to root-rot disease. Harris and Burns (1973) have also mentioned that tannin conditioning seed colour is beneficial in the field due to its presence providing resistance to fungi. Li et al. (1991); Pastor-Corrales et al. (1998) and Islam et al. (2003) mentioned that the polyphenolics, of which tannins are a subset, are involved in seed colour expression and are often associated with plant resistance to pathogens or insects. From this point of view, some phenological and morphological traits could be valuable tools for screening and breeding a new germplasm for higher diseases resistance. The objective of our study was to evaluate the association of some phenological and morphological traits as simple, quick and economic screening criteria of resistance of 48 sesame genotypes to wilt and charcoal rot diseases.
MATERIALS AND METHODS

Plant materials
Forty-eight genotypes of Sesamum indicum L. from different countries were used in this study. Ten genotypes were obtained from the Agriculture Research Centre, Giza, Egypt. Three genotypes, UN. A 130, GN. A 574 and KN. A 592 were obtained from the USA, Greece and north Korea, respectively. Fifteen promising lines were originated by hybridization and selection through a breeding program in the Experimental Farm of the Faculty of Agriculture at Suez Canal University. Twenty land races were collected from eight different agro-ecological zones which represented the proposed diversity distribution of sesame in Egypt. The names, origin, pedigree and diversity in phenological and morphological traits of 48 sesame germplasm are listed in table 1.
Experimental design, inoculation of soil and agronomic practices
A randomized complete block design with three replicates was used each season. In 2005 and 2006 growing seasons, sowing was done in wilt-sick and charcoal rot-sick plot in soil known to have a high inoculum density of both pathogenic fungi from a long-term sesame research field that was naturally infested with FOS and MPH, El-Bramawy (2006) and El-Bramawy and Abdul Wahid (2006) .
To confirm infection of plants by FOS and MPH, plant segments excissed from infected stems and roots were surface sterilized and placed in Petri dishes containing saturated humid filter paper with sterilized water. The dishes were incubated for 72 h at 25°C. Afterwards the plant segments were placed in Petri dishes containing sterilized PDA medium and incubated for 72 h at 25°C. Colonies of pathogenic fungi that grew on the medium were identified as FOS and MPH based on the presence of morphological characteristics of each fungus according to Moubasher (1993) . Reisolated pathogens weres compared with the original isolates to assure their identity.
Each entry was planted in a plot composed of two ridges 60 cm apart and 4 m in length (4.8 m 2 ). The seeds were planted on the upper third of the ridge in hills with 10 cm between hills. The recommended field practices were carried out at a proper time as applied in the local area. The experimental soil was sandy textured (94.5% sand, 2.5% silt and 3.0 clay). The pH value of soil was 7.8.
Measurements of infection percentage
The percentages of diseased plants infected with wilt or charcoal rot pathogens were estimated according to specific disease symptoms for each fungus and recorded weekly throughout crop growth stages from 30 days after sowing till the end of the experiment. Infected by FOS plants were characterized by the internal vesicular discoloration and the appearance of plants wilting. The charcoal rot infection was expressed as root discoloration, black stem rot and pronounced reduction in root system of the infected plants (Smith and Carvil 1997) .
Scoring of germplasm for resistance
Wilt and charcoal rot scores were measured using a 1-5 scale on twenty plants randomly selected from each plot. The germplasm that scored 1 -were considered resistant (R) (damage ranged from 0.1 to 20%); 2 -as moderately resistant (MR) (dam- age ranged from 20.1 to 40%); 3 -as moderately susceptible (MS) (damage ranged from 40.1 to 60%); 4 -as susceptible (S) (damage ranged from 60.1 to 80%), and 5 -as highly susceptible (HS) (damage ranged from 80.1 to 100%) (Kavak and Boydak 2006) . The wilted and rotted plants were counted and percentage of infected plants was calculated, then transformed to Arcsine values and prepared for statistical analysis.
Phenolic and tannin analysis
Total phenols were measured using the Folin Ciocalteu reagent method described by Dev Choudhury and Goswami (1983) . Total tannins were determined colorimetrically as described in AOAC (1990) . The amount of phenols and tannins are expressed in term of mg/g dry seed.
Statistical analysis
Data were subjected to the analysis of variance using CoStat Version 6.311 (CoHort software, Berkeley, CA 94701). Treatment means were compared using Duncan's Multiple Range Test (Steel and Torrie 1980) of probability levels 0.05 or 0.01. The relations between infection percentages by FOS and MPH, and branch number, days to maturity and seed colour were analyzed by regression analysis. The best equations to fit the relations were chosen by regression procedures with selection of forward, backward and stepwise methods. The relationship between infection percentages by FOS and MPH, and three groups of branch number and seed colour were analyzed comparing the slops of linear regression using a covariance analysis (Antunez et al. 2001) .
RESULTS
Highly significant variations were observed among evaluated genotypes in infection percentages and seed yield in conditions of plant infestation by Fusarium oxysporum f. sp. sesami (FOS) and Macrophomina phaseolina (MPH) ( Table 2 ). The infection percentages by the pathogens varied among genotypes from 1.7 to 61.6% and from 2.2 to 53.4% in 2005 and from 1.4 to 54.2% and from 3.7 to 55.1% in 2006. However, the seed yield ranged from 178.1 to 378. FOS and 23, 9 and 5% in 2005 and 12, 12 and 0% in 2006 of resistant genotypes to MPH had a high branch number, were of early maturity and having black seed colour, respectively. The predictive and reliable branch number, days to maturity and seed colour as screening criteria for resistance to wilt and charcoal rot diseases among were accepted for sesame genotype evaluation, the relationships between these variables and infection percentage were analyzed (Table 3 ). If the coefficient of determination (R 2 ) is significant, these variables could be useful criteria for evaluation of sesame genotypes to wilt and/or charcoal rot diseases. A quadratic regression equation based on stepwise analysis best fits the relationship. In general, both branch number and seed colour were significantly correlated with the infection percentages by FOS. Seed colour was the only variable which significantly correlated with the infection percentage by MPH. However, days to maturity were not significantly correlated with disease incidence (Table 3) . ns, *, ** not significant, and significant at the 0.05 and 0.01 probability levels, respectively A linear regression, through a covariance analysis, was used in studying the relationship between the infection percentages by both pathogens, and the branch number and seed colour. In this relationship, the infection percentages were considered as dependent variables, with the branch number and seed colour as independent variables.
For branch number, all genotypes were classified into three groups, low, medium and high branch numbers; and the infection percentage by Fusarium vs. three groups of branch number were fitted and the equations obtained were: (2005) (1)
where Y, X 1 and X 2 are, respectively, the infection percentage, medium branch and low branch numbers.
The infection percentages of charcoal rot vs. three groups of branch number were fitted and the equations obtained were: (2005) (3)
where Y, X 1 and X 2 are, respectively, the infection percentage, medium branch and low branch number.
The results of above equations indicate that when the relationship between the groups of branch number and infection percentages were analyzed simultaneously (Equations 1-4), the sesame genotypes having medium branch number were the only covariate which significantly correlated with the infection percentage by FOS, and had the lower infection by 7.8 and 11.9% than genotypes having high branch number, in 2005 and 2006, respectively (Equations 1 and 2).
For seed colour, all genotypes were also classified into three groups, creamy, white and black seed colour; and the infection percentages of Fusarium wilt vs. three groups of seed colour were fitted and the equations obtained were:
where Y, X 1 and X 2 are the infection percentages, creamy seed and white seed colour, respectively.
The infection percentages of charcoal rot vs. three groups of seed colour were fitted and the equations obtained were:
The results of above equations (Equations 5-8) indicate that the sesame genotypes having creamy and white seed colour were the covariates which significantly correlated with the infection percentage by FOS and MPH and less with infection by 11.3 and 3.9% in 2005, and by 16.0 and 14.0 in 2006 for Fusarium wilt disease incidence, and by 9.9 and 8.8% in 2005, and by 10.5 and 12.4% in 2006 for charcoal rot disease incidence compared with genotypes having black seed colour, respectively.
DISCUSSION
Since field study of plant reaction to the pathogen is difficult, laborious and time consuming, breeders often search for easily and rapidly evaluated traits that are correlated with resistance. Results of this study indicated that due to a significant relationship between branch number and seed colour, and infection percentage by (Table  3) , branch number and seed colour might be suitable traits for direct selection among the sesame genotypes for resistance to these diseases. Wu et al. (2000) reported that selection for branch number may be significant in the development of Amaranthus resistant to root rot disease. Furthermore, Lee and Choi (1986) reported that the germplasm resources of sesame could be classified based on branch number and this trait is controlled by one gene (nb) (Brar and Ahuja 1979) . These findings indicate that the trait of branch number may be possibly used as screening criterion, if it was associated with the infection percentage caused by fungal pathogens. Our results showed that branch number was significantly correlated with the infection percentage by FOS, but not with the infection percentage by MPH (Table 3 ). This result may be due to fact that the fungus of Fusarium wilt penetrates sesame plant roots and spreads up into the stem through the water conducting vessels which causes plants to wilt from the top down or branch by branch and causes plant vessels plugged and damaged. Our results also showed that the sesame genotypes having medium or low branch number had a lower infection by FOS by 7.8 and 2.6% in 2005 and 11.9 and 10.3% in 2006 than did genotypes with high branch numbers, respectively (Equations 1 and 2). This may be due to a high branch number causing good favourable conditions for the spread of pathogens. Furthermore, as infection spreads, the water feeding system becomes blocked, therefore the water uptake is not in agreement with the water transpiration and the plants become more susceptible to the pathogen and this increases symptom expression.
The results of our study showed that the Fusarium wilt or charcoal rot incidence were not correlated with days to maturity (Table 3 ). These results suggest that the days to maturity were not a suitable trait for direct selection among the sesame genotypes for resistance to these diseases. These results may be due to the fact that, the plants get infected by both pathogens at any stage of crop development. In this regard, Songa et al. (1997) found that time to maturity did not seem to influence or affect the susceptibility or resistance to MPH of various bean accessions.
Our results also indicate that the sesame genotypes having creamy and white seed colour were generally more resistant to Fusarium wilt and charcoal rot diseases than genotypes having black seed colour. These results were confirmed by the linear regression, and a covariance analysis, considering the infection percentages by (FOS) and MPH, and the three groups of seed colour (equations 5-8). The increase of resistance of genotypes having creamy and white seed colour infested with both fungal pathogens may be due to the increase concentration of total phenols and tannins in their seeds. The concentration of total phenols and tannins in genotypes with creamy, white and black seed colour were in average of about 122.0, 77.7 and 74.0 mg per 100 g dry seed for total phenols, and 143.0, 72.7 and 70.0 mg per 100 g dry seed for total tannins, respectively (data not shown). The findings obtained in this study were in good agreement with those reported by Islam et al. (2003) , who found that polyphenolics, of which tannins are a subset, are involved in seed colour expression and are often associated with plant resistance to pathogens or insects. Statlar (1970) also reported that the more total phenols in common bean plants caused a greater resistance to root-rot disease. Harris and Burns (1973) mentioned tannin as beneficial in the field due to its presence providing resistance to fungi and seed viviparty. El-Fiki et al. (2004) indicated that the amounts of total phenols were obviously higher in the sesame entries that were classified as highly resistant and resistant than did those classified as sus-ceptible and highly susceptible. Li et al. (1991) found in 2992 accessions of sesame that the most resistant of sesame genotypes to MPH had white seed colour, while black or grey-seeded genotypes tended to be susceptible, and yellow or brown-seeded ones intermediate. Our and previous results may indicate that the seed colour trait could successfully be used to predict the resistance of sesame genotypes to fusarium wilt and charcoal rot diseases without conducting tedious crop experiments. In addition, we suggest that this desirable phenological trait could be transfered to high-yielding cultivars by using conventional hybridization, biotechnological and bridge techniques for the introgression of wilt and charcoal rot diseases resistance genes.
CONCLUSION
Regarding phenological and morphological traits as screening criteria for resistance to Fusarium wilt and charcoal rot diseases in sesame genotypes, it can be concluded that the branch number and seed colour traits may successfully be used to predict the resistance of sesame genotypes to F. oxysporum and M. phaseolina without conducting tedious crop experiments.
